Abstract
The first publication on the synthesis of pyrimido [1,2-a] [1, 3, 5] triazine derivative appeared 50 years ago. 2 Ziegler and Nölken 2 reported the reaction of 2,4-diamino-1,3-5-triazine (1) with bis- (2,4-dichlorophenol) ester of 3-benzylmalonic acid (2) that afforded pyrimido [1,2-a] [1, 3, 5] triazine 3 (Scheme 1). However, they
were not able to differentiate between two possible regioisomeric structures with amino group in position 2 or 4. 
SYNTHESIS OF PYRIMIDO[1,2-a][1,3,5]TRIAZINES BY ANNELATION OF THE

1,3,5-TRIAZINE RING ONTO A PYRIMIDINE SCAFFOLD
The annelation of the 1,3,5-triazine ring onto a pyrimidine scaffold is the most explored and developed approach for the synthesis of pyrimido[1,2-a] [1, 3, 5] triazines and their polyfused analogues. This section of the review is further subdivided on the basis of the reaction type and structure of the building blocks used in this approach.
Synthesis of pyrimido[1,2-a][1,3,5]triazines using Mannich condensation
The synthesis of pyrimido[1,2-a][1,3,5]triazines 5 was achieved via Mannich condensation of 2-ethylaminopyrimidine 4 with formaldehyde and variety of amines (Scheme 2). 3 The products were claimed as fungicides against plant-pathogenic fungi. Scheme 2
The reaction of 5,5-diethyl substituted 2-imino analogues of barbituric acid 6 with formaldehyde and aliphatic amines was reported to result in the 1,3,5-triazine ring formation providing 7 (Scheme 3). 4, 5 Similar reaction was performed using condensation of formaldehyde with 6 and a variety of anilines (Scheme 4). The yields of pyrimido [1,2-a] [1, 3, 5] triazines 8 varied from 6 to 77% depending on the structure of the anilines used for the reaction. 6 The pharmacological screening of 8 led to the identification of one compound (R = Et, Ar = 2-ClC 6 H 4 ) with antifungal activity against Microsporum canis (10 Scheme 4
The formation of two 1,3,5-triazine rings were observed when pyrimidine 9 possessing two imino groups underwent Mannich condensation with formaldehyde and amines (Scheme 5). 4, 5 Tricyclic products 10 underwent biological investigation; 10d and 10e showed some anthelmintic activity against Nippostrongylus brasiliensis. 
Scheme 5
The reactions of nucleic bases with formaldehyde in presence of amines have been a subject of extensive explorations. Mannich condensation of different guanine derivatives were studied in various conditions. Treatment of 9-methylguanine (11a) with formaldehyde and methylamine provided 12 as a product of the 1,3,5-triazine ring annelation and hydroxymetylation (Scheme 6). Scheme 6 Takahashi and Hashimoto 8 reported synthesis of Mannich bases 13 using deoxyguanosine (11b), formaldehyde and butylamine or aniline (Scheme 7). This reaction was suggested as a possible model of the modification of DNA with carcinogenic amines in the formaldehyde presence.
Scheme 7
To get a better understanding of carcinogenic and mutagenic properties of formaldehyde itself, the formaldehyde-induced cross-linking of deoxynucleosides with amino acids was investigated. were reported for pyrimidine derivatives and isocyanates (most commonly used heterocumulenes). The key element of these reactions is cycloaddition, which may be accompanied by other processes depending on the substrate structure and the reaction conditions. The most explored approaches include: [2+2+2] cycloaddition of two iso(thio)cyanate molecules to substituted pyrimidine, reactions of pyrimidines having a leaving group in position 2, and reactions of 2-aminopyrimidines or their derivatives with heterocumulenes.
4-Pyrimidinone (20) in the reaction with methyl isocyanate in presence of base afforded mixture of 1:2-cycloadduct 21 and its methylcarbamoyl derivative 22 (Scheme 10).
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Substantial amount (45%) of unreacted 20 was also recovered. cycloaddition providing 28 (Scheme 12).
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The structure of the product was supported by X-ray crystallographic data for 28b. Using higher temperatures in this reaction resulted in the formation of more complex cycloadducts. The reaction time was increased from 1-3 h for the synthesis of 34a,b to 2 days for the preparation of phenyl substituted 34c. The later was also obtained in 38% yield using chloroform as a solvent. The benzylthio group served as a leaving group in this reaction. Similarly, a variety of isothiocyanates were successfully applied for the preparation of 37b-f. [18] [19] [20] Using excess of isothiocyanates significantly improved yields of the products. However, attempts to prepare 37f in benzene failed and despite excess of the isothiocyanate, only 5% of the product was isolated from the reaction in DMF. Scheme 24
The reaction of 47 with diphenylcarbodiimide provided 56 (Scheme 25). 28 The proposed reaction mechanism involved initial formation of carbodiimide 48 followed by the cycloaddition of another The regioselectivity of the cycloaddition step is questionable due to similar environment of the endocyclic pyrimidine nitrogen atoms of 57, but no alternative structure was discussed in the paper. 
Scheme 28
The opposite regiochemistry of the 1,3,5-triazine ring annelation was observed when 6-substituted isocytosine analogues 67 were treated with 61 (Scheme 29). 31 Furthermore, even with a substantial excess of imidate 61 only amines 68 were isolated from the reaction. 
32-34
The structure of 69 was confirmed by X-ray diffraction analysis of 69c 32, 33 and deoxyguanosine derivative 69f. 34 The N
15
NMR spectroscopic study, determination of pKa, and assessment of hydrolytic stability of the glycosidic bond of guanosine derivative 69d were also performed. 
Scheme 32
Analogously, the 1,3,5-triazin-2,4-dione was annelated to 2-amino-4-phenylquinazolines (76) with the ring closure to N-1 of the quinazoline nucleus (Scheme 33). 36 The theoretically possible regioisomeric structure, alternative to 77, was not mentioned. 
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Scheme 34
Similarly, benzoyl protected guanosine 11e was smoothly converted to 80 (Scheme 35). 39 However, deprotection attempts were unsuccessful and resulted in the triazine ring cleavage. 
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Scheme 38
The thermal cyclocondensation of guanidines 90 with aldehydes was used for the synthesis of 91 (Scheme 39).
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The X-ray diffraction study 
Scheme 40
The same regiochemistry was observed in the synthesis of similar compounds 95 (Scheme 41). Although the mechanism of the reaction was not investigated and discussed, it might be assumed that both products formed in the concerted process, presumably via the corresponding isocyanate 104 intermediacy. 
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Scheme 47
The treatment with phosgene was used to introduce a carbonyl group connecting pyrimidine and benzimidazole nitrogen atoms of 2-pyrimidin-2-ylaminobenzimidazole (113) (Scheme 48). Scheme 56
The formation of 133 having 1,3,5-triazine ring fused with two quinazoline nuclei was claimed 56 to take place when 2-dimethylamino-4,6-dichloro-1,3,5-triazine (132) was heated in anisole with two equivalents of methyl anthranilate (129) (Scheme 57). The reaction yield was 38%, however subsequent overnight heating of the reaction residue in acetic acid allowed additional isolation of 33% of 133 (cf. Scheme 69) . Scheme 63
The base-induced isoxazolone ring opening of 147 followed by the intramolecular cyclization with the pyrimidine ring formation was reported to give 148 (Scheme 64). 63 The rearrangement appeared to be general and proceed via similar mechanism 64 for various related heterocyclic molecules with the isoxazolone moiety. The cyclization of cyclazine 153 was achieved by heating in acetic anhydrate (Scheme 68). 67 The reaction was found to give only one polycyclic product 154, which was distinguished from its possible regioisomer on the basis of spectral data. Scheme 68
The decarboxylation together with the intramolecular cyclization took place when triazine 155 was heated in acetic acid (Scheme 69). Pentacyclic 133 was obtained 56 from the reaction along with 11% of the byproduct, to which structure 156 or 157 was proposed. 
Scheme 69
The quinazoline and triazine rings were formed when triazine 158 was treated with pivaloyl chloride affording tetracyclic structure 159 (Scheme 70). 
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In the investigation of the hydrolysis of 37b, formation of 170 was observed after treatment of 37b with inorganic base (sodium acetate, sodium carbonate or sodium hydroxide) in water under mild conditions (0 °C) (Scheme 74). 18 It was found that initial step of the reaction involved the hydrolytic pyrimidine ring opening followed by the recyclisation of triazine 169 via the intramolecular nucleophilic substitution of thioxo group. The structure of 170 was unambiguously established by X-ray crystallography. 
